Objective: To compare dietary intakes at a 10 y interval of a population aged 35-64 living in France. Trends in nutrient intake and food consumption were examined with a special emphasis on the relationships between educational level and dietary behaviour. Design: Two independent surveys conducted in 1985-1987 (S1) and 1995-1997 (S2) in the framework of the WHO MONICA project. Dietary intake was assessed with a 3-day record method and a food frequency questionnaire. The samples analysed included 416 men and 446 women for S1, 393 men and 409 women for S2. Results: A significant improvement of the quality of fat intake was observed between S1 and S2, independently of educational level, with an increase of the age adjusted P=S ratio from 0.42 to 0.50 in men (P ¼ 10
Introduction
Cardiovascular diseases (CVD) remain the leading cause of death and disability in France and in many developed countries. The role of nutrition in CVD, particularly in coronary heart disease, is undisputed. This is supported by epidemiological, clinical and experimental data. There is consensus that a high dietary intake of saturated fat and cholesterol is associated with an increased risk of coronary disease, whereas a higher intake of monounsaturated and polyunsaturated fat reduces this risk. The benefits from a diet rich in fruit and vegetables are also well established (Caggiula & Mustad, 1997; Hu et al, 1997; Schaefer, 1997) .
The planning of nutrition intervention programmes requires detailed knowledge of eating patterns in the target populations and of their determinants (Winkler et al, 1997) . Data on trends in food consumption are also important to set up health and nutrition policies, to monitor dietary evolution, and to evaluate the extent to which public health messages are perceived and actualised by the population (Ghadirian & Shatenstein, 1996) . In fact, food that people prefer and select from their environment depends on many complex and dynamic cultural, social and economic factors (Kuhnlein, 1989) . Food habits constitute one of the most obvious distinguishing features between populations, since they reflect and are influenced by the cultural categories expressed by a society (Ghadirian et al, 1995) . Thus, educational level is a strong determinant of dietary intake (Winkleby et al, 1992; Luoto et al, 1994) , which may partly contribute to the socio-economic gradient in coronary heart disease mortality reported in France (Lang et al, 1997) as in other countries (Jacobsen & Thelle, 1988; Feinstein, 1993) .
The most accurate method for measuring population trends in diet is standardised individual assessment in repeated surveys of geographically representative defined populations, although results may be difficult to interpret if the methods used for recruitment and dietary assessment are not identical (Folsom et al, 1987; Schaeffler et al, 1996) . To date, only few nutritional surveys offer the possibility to assess trends in dietary intakes. To our knowledge, no trend study based on direct dietary data has been carried out in France so far. In this study we used data on individual diets from two independent representative samples of a middleaged French population to examine trends in nutrient and food intake between 1985=1987 and 1995=1997 and to analyse the influence of educational level on these dietary trends.
Methods
Study design and sample Subjects of this study were participants of two independent cross-sectional dietary surveys carried out at a 10 y interval in the department of the Bas-Rhin in Eastern France. These surveys were part of the first and third MONICA-FRANCE risk factor surveys, intended to monitor trends in risk factor levels over 10 y (WHO MONICA Project Principal Investigators, 1988) , and of the joint EURONUT=MONICA project, set up to examine the dietary habits in the European populations (Knuiman et al, 1985) .
Details of survey design and data collection have been described elsewhere (Richard, 1988) . In the Bas-Rhin department, the first survey (S1) took place between July 1985 and September 1987 and the second (S2) between March 1995 and March 1997. The multi-stage sampling scheme was based on age and size of the town. The nutritional surveys were carried out among subsamples of men and women selected for the population study. Representativeness of random samples and subsamples was verified according to socio-economic determinants. The sample in S1, stratified by town size, randomly selected using the 1982 national population census, included subjects aged 25 -64 y (Jost et al, 1990) . The response rate was 67%. Among the 1544 respondents, 1019 (493 men and 526 women) were randomly selected to participate in the nutritional survey. In S2, the study was restricted to the age group 35 -64 y. The sample, stratified by town size, was obtained from electoral rolls and comprised 1131 respondents (response rate of 51%); the nutritional survey concerned 806 subjects (397 men and 409 women). Less than 1 and 2% of the subjects who participated to the first and second population surveys, respectively, and who were asked to keep dietary records, refused the dietary assessment.
For comparison reasons, subjects aged 25 -34 y and foreigners were excluded from S1. Ten men, classified as 'having never worked' were also excluded. The protocol, which was the same for both surveys, was approved by the appropriate ethical committee according to the French regulation. The subjects who agreed to participate were submitted to a standard questionnaire, physical measurements and a venous blood sampling, by a specially trained nurse, following the recommendations of the WHO MONICA Manual (WHO, 1986) . The interview included questions on socioeconomic factors, health, personal medical history, family history, current medication, smoking and drinking habits, exercise practice, attitudes and knowledge concerning several diseases.
Dietary data
Trained dieticians determined dietary intake, according to the EURONUT protocol, using a prospective 3 day food intake record. Subjects participating in the dietary survey were given oral and written instructions on how to keep a 3 day record (two week days and one week-end day), using household measures. The third day was followed by an interview with a dietician at the respondent's home, during which the data were carefully checked. In order to facilitate estimation of portion sizes, photographs of food were used . The surveys were carried out over a whole year, so that seasons were equally represented. The 3 day record was validated against a weighing method in a subset of 10% of the persons participating in S1. Nutrient values of food were determined using the French food composition table of Renaud for 17 nutrients (Renaud & Attie, 1986) , whereas total fibre intake was calculated from Paul and Southgate's table (Paul & Southgate, 1978) . Nutrient intakes were expressed as absolute and relative values according to total energy intake.
In addition, the intake of certain food groups was determined with a food frequency questionnaire using 47 items that was expressed as monthly consumption frequency. Twelve food groups were considered for statistical analysis: meat, poultry, fish, sausages and ham, eggs, butter, high-fat dairy products (whole milk and cheese), low-fat dairy products (semi-skimmed and skimmed milk and yoghurt), fruit, vegetable (raw and cooked vegetable), as well as industrially prepared and 'en sauce' dishes.
Under-reporters (UR) were identified from the ratio of daily energy intake to theoretical basal metabolic rate estimated using the Schofield equations based on weight, age and sex (Schofield et al, 1985) . The under-reporting cut-off value was based on estimation of the lowest energy intakes compatible with weight maintenance (Goldberg et al, 1991) ; in the conditions of this study, it was 1.05.
Statistical analysis
Data were analysed using the BMDP Statistical Software (1990). All analyses were carried out separately for men and women. Mean daily nutrient intake and mean monthly consumption frequencies were derived for descriptive purposes. Values were expressed as mean AE standard error of mean (s.e.m.). Frequency tables were generated, crossed by education level and other relevant socio-demographic indicators, and contingency tables analysis was performed using the w 2 statistic to test differences between S1 and S2. Nutrient
Ten-year trends of dietary intake AE Perrin et al intake and food consumption between S1 and S2 were compared using an analysis of covariance. The relationship between educational level and dietary trends was analysed using a multiple logistic regression analysis, where P=S ratio, cholesterol intake and 10 food groups were treated as the dependent variables. Prior to the analysis, each of these variables was categorised in two groups, using the lower quartile limits (25%). The P=S ratio limit was 0.29 for men and 0.30 for women (a quarter of individuals below this value); the cholesterol intake limit was 401 mg=day for men and 329 mg=day for women.
Independent variables were the survey indicator and educational level, divided into three classes: primary, secondary or technical, university. Adjustment was performed for age group (35 -44 y, 45 -54 y, 55 -64 y), residence ( < 10 000 inhabitants, 10 000 -50 000 inhabitants, > 50 000 inhabitants), family size (1 member, 2 members, ! 3 members), current economic activity (no, yes), socio-occupational status (low, medium, high for men, low þ medium, high, housewives for women) and under-reporting (no, yes). In addition, interaction factors (survey indicatorÂage group, survey indicatorÂeducational level) were considered in the model.
To control the effect of total caloric intake on the intake of specific nutrients, we used the energy-adjusted approach proposed by Willett (1990) : energy adjusted nutrient intakes were calculated as the residuals from the regression models with absolute nutrient intake the dependent variable and total caloric intake the independent variable. Energy adjusted intake values are calculated as the sum of the residual and the expected intake of the given nutrient for the mean caloric intake of the study sample. Moreover as under-reporting may be responsible for substantial bias in the results, all the analyses were done with and without taking into account UR.
Results

Socio-demographic descriptive data
All statistical analyses were based on 862 (416 men and 446 women) subjects in S1 and 802 (393 men and 409 women) in S2. The mean age of the subjects was 51.0 AE 8.4 and 50.0 AE 8.8 y, respectively, for men and women in S1, 50.5 AE 8.4 and 50.4 AE 8.9 y in S2. Socio-demographic characteristics of participants from each survey are presented in Table 1 . In both sexes, the main differences concerned educational level, which increased significantly between S1 and S2 (P ¼ 10 74 ), and socio-occupational classes (P ¼ 0.01 in men and P ¼ 10 74 in women). Moreover, the number of women with a current economic activity increased from 46.6 to 57.5% between both surveys (P ¼ 0.002), whereas the number of women staying at home dropped from 37.2 in S1 to 17.8% in S2.
Mean body mass index (BMI) was 27.4 AE 0.2 kg=m 2 (S1) and 27.6 AE 0.2 kg=m 2 (S2) in men (P ¼ 0.33), 27.0 AE kg=m 2 (S1) and 26.3 AE 0.2 kg=m 2 (S2) in women (P ¼ 0.05). Underreporting concerned 11.1% of men and 19.3% of women in S1. The corresponding variations were 12.7 and 15.4% respectively in S2, which were not significantly different. Obesity was the major determinant of under-reporting: the proportion of UR among obese people (BMI ! 30 kg=m 2 ) was 15.8 (S1) and 21.5% (S2) in men, 29.6 (S1) and 37.7% (S2) in women. No significant relationship was observed between under-reporting and any socio-economic variable of interest in men. Among women, slight but significant differences Ten-year trends of dietary intake AE Perrin et al (P < 0.01) were noted in the repartition of UR by age group and family size in S1 and by educational level in S2 with more UR among 35 to 44-y-old women in S1 and loweducated women in S2 (data not shown).
Trends in nutrient intake and food consumption between S1 and S2 Table 2 shows the mean age-adjusted levels of daily absolute nutrient intake for men and women. Differences in mean reported energy, protein, carbohydrate and fat absolute daily intake between both surveys were small and mostly nonsignificant, except for protein intake which increased from 74.2 to 76.5 g in women (P ¼ 0.01). Mean daily alcohol intake was significantly reduced from 36.2 to 28.3 g in men (P ¼ 10
74
), and remained stable in women, 9.6 and 8.5 g in S1 and S2, respectively (P ¼ 0.15). The most important nutrient variation concerned daily cholesterol intake, which decreased from 552.0 to 466.9 mg (P < 10 74 ) and from 447.2 to 384.6 mg (P < 10 74 ) in men and women, respectively.
Alcohol contributed to 9.4 (S1) and 7.5% (S2) of total energy in men (P ¼ 10 74 ), 3.3 (S1) and 3.0% (S2) in women (P ¼ 0.22). Table 3 gives the percentage of total energy intake from macronutrients, after exclusion of alcohol, and from the different fatty acids. The mean relative intake of protein, fat and carbohydrate after exclusion of alcohol was similar in the two surveys. Both in men and in women, the energy intake from monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) increased between S1 and S2 (P < 0.001 and P < 10 74 for MUFA and PUFA, respectively), whereas the relative consumption of saturated fatty acids (SFA) decreased (P < 10 74 ). As a consequence, the ratio of polyunsaturated to saturated fatty acids (P=S ratio) increased in men (0.42 to 0.50; P ¼ 10
) and in women (0.41 to 0.50; P ¼ 10
). Table 4 shows the mean monthly consumption frequency of different food groups between S1 and S2. The consumption frequency of the principal food sources of fat and cholesterol, meat, sausages and ham, eggs, butter, whole milk and high-fat cheese, declined significantly in both genders, whereas the consumption frequency of poultry, fish and low-fat dairy products increased both in men and women. The most considerable variations concerned the monthly consumption of eggs and high-fat dairy products, which was reduced by almost half between S1 and S2. In parallel, the food groups for which consumption frequency Results from covariance analysis (after adjustment for age group); men and women aged 35 -64.
Ten-year trends of dietary intake AE Perrin et al was the most strongly increased were poultry (þ55.6 in men and þ75.8% in women), fish (þ50.0 in men and þ84.0% in women) and low-fat dairy products (þ82.3 in men and þ56.8% in women). Moreover the consumption of 'en sauce' dishes was significantly reduced (P ¼ 10 74 ), whereas the consumption of industrially prepared dishes increased (P ¼ 10 74 ).
The consumption frequency of fruit and vegetable was mainly similar between the two surveys with the exception of a slight but significant diminution of fruit consumption in women (P ¼ 0.003).
All these analyses were repeated after excluding UR, which did not change any of the results already shown.
Educational level and dietary trends
Multivariate logistic regression adjusted for age group, residence, family size, current economic activity, socio-occupational status and under-reporting was used to evaluate the association between educational level and some dietary trends (P=S ratio, dietary cholesterol intake and ten food groups consumption). Tables 5 and 6 summarise the results of these analyses.
P=S ratio and dietary cholesterol intake were not significantly associated with educational level in men and in women. Moreover interaction between educational level and survey indicator was not significant, indicating that dietary fat quality improved significantly (P < 10 74 ), independently of educational level. Concerning specific foods, educational level was negatively associated with the consumption of different highfat foods (sausages and ham in men and women, 'en sauce' dishes in women), whereas it was positively associated with the consumption of high-fat dairy products in men and with that of low-fat foods (poultry, low-fat dairy products) and fish in both sexes. Nevertheless, as for fat and cholesterol intake, interaction between educational level and survey was not significant for any of these food groups.
Fruit consumption was strongly associated with educational level in both genders, as was vegetable consumption in women. However the consumption of fruit and vegetable did not vary significantly over time in men and the slight variations observed in women (decrease of fruit and increase of vegetable) were independent of educational level.
Discussion
This study, based on two dietary surveys, carried out at a 10 y interval in two independent representative samples of Eastern France, indicated a slight and significant improvement in the quality of fat intake independently of educational level, in both men and women. This improvement was associated with significant changes in the consumption of fat-containing food in all educational classes. By contrast, the consumption of fruit and vegetable, which was strongly and positively associated with the educational level, varied only little over time.
Comparisons between both surveys were possible as the procedures employed for data collection, coding, and nutrient analysis were the same. The method chosen for the dietary surveys was the 3 day record method combined to a food frequency questionnaire. The 3 day record method appears to be well adapted to evaluate total energy and macronutrient intake, and the food frequency questionnaire is more likely to be truly representative of the usual longterm diet. Data obtained by the two methods correlate well with respect to individual food items and calculated nutrients.
Bias due to under-reporting liable to distort results of dietary surveys, as showed in the Whitehall II study (Stallone et al, 1997) , cannot be excluded. Different studies (Bingham et al, 1995; Price et al, 1997; Pryer et al, 1997) provide evidence that under-reporting can modify not only energy Results from covariance analysis (after adjustment for age group); men and women aged 35 -64.
Ten-year trends of dietary intake AE Perrin et al intake but also the composition of the diet. In our study, the proportion of UR did not differ between the two surveys but was slightly influenced by educational level in S2 with more UR among low-educated women. Although the ratio of daily energy intake to theoretical basal metabolic rate can be used to identify UR, the problem of how to use the data is still unresolved. Nevertheless, adjusting the nutrient vs energy intake or excluding UR did not change the results, suggesting that under-reporting may have poorly affected the relationships that we observed. Similarly, taking into account underreporting in the Malmö Diet and Cancer Study (Lindström et al, 2000) did not change the relationship between socio-economic variables and dietary data. The possibility to compare our results with food supply data is limited. French supply data provide amounts of certain foods available on a nationwide aggregate level. Furthermore some of the food groups of the official statistics are not directly comparable with ours. Despite this, a fairly good correspondence was found for most of the food groups: reduction in the supply data of beef, veal, common wines and beer, increase in the supply data of poultry, fish, yoghurt (INSEE, 1997) . Trends comparable to ours have also been observed in the MONICA Project Augsburg 1984=1985 and 1989=1990 (Schaeffler et al, 1996) , with a decrease of monthly consumption of meat, sausages and ham, eggs and beer, and a slight increase in the consumption frequency of poultry and fish, but also of fruit and vegetable. These results are interesting, as they concern a population geographically and of traditions close to ours.
Although the contribution of fat to total energy intake did not diminish between S1 and S2 and remained far from the national dietary guidelines, we showed a significant improvement in the fat quality of diets, reflected by an increase of the P=S ratio, and a reduction in dietary cholesterol intake whatever the educational level. Mortality for coronary heart disease has progressively declined overs the Ten-year trends of dietary intake AE Perrin et al last few decades in France, possibly in part due to this improvement. Similar trends have also been reported in other industrialised countries (Tunstall-Pedoe et al, 1999) . In particular, the results of the National Health Interview Survey, conducted between 1987 and 1992 (Breslow et al, 1997) in the US population showed that the proportion of Americans consuming high-fat foods (including fried fish, fried chicken, bacon, eggs, whole milk and butter) had decreased suggesting favourable changes of dietary fat intake. These data are consistent with the data from the US Department of Agriculture surveys obtained between 1965 (Popkin et al, 1996 . A significant improvement of fat consumption was noted in all racial and socioeconomic groups, whereas fruit and vegetable consumption remained stable over time, which is similar to our results. The similarity of total fat intake and of fat quality, as determined by the P=S ratio according to the educational level, is quite surprising considering the differences in food choices related to the educational level. The relationships between socio-economic determinants and dietary behaviour have already been discussed in several studies (Braddon et al, 1988; Myfanwy et al, 1989; Fidanza et al, 1991; Kussmaul et al, 1995; Roos et al, 1996) . When considering nutrient intake, the mean relative intake of protein, fat and carbohydrate appears to be similar in the different social classes. Likewise, the combination of SFA, MUFA and PUFA was also generally independent of socio-economic factors. This is in contrast with the influence of socio-economical level on other healthy dietary behaviours and in particular fruit consumption. Our data suggest that the differences in food choices related to educational level may not be able to induce an improvement in fat quality: while higher-educated French people ate less sausages, ham and 'en sauce' dishes and more low-fat dairy products or fish, they also consumed more high-fat dairy products and cheese, which may have partly compensated for saturated fat intake. We Ten-year trends of dietary intake AE Perrin et al cannot exclude either that they ate some high-fat foods less frequently but in larger amounts, since portion size was not considered in the food frequency questionnaire. Moreover, the consumption of industrially prepared dishes, in which fat content is generally high, increased between 1986 and 1996 in all educational groups. All the previous studies underline the healthier food pattern of the higher classes of the population, related to a high consumption of fruit, vegetables and fibres. Likewise, in our population, people with good educational attainment ate more fruit, vegetables and fish, thus conforming better to nutritional guidelines. Yet, it should be underlined that, even in this higher-educated class, the consumption of fruit and vegetables, about once per day for each of them is far from recommendations. Nutrition has long been recognised as a key factor promoting good health and preventing disease. In recent years, concern for reducing fat and cholesterol intake and improving diet has become a popular topic in mass media and in the general public. Diet modification was the behaviour quoted in second place after sport and before smoking in a 1996 French survey investigating how people had tried to improve their health over the previous 12 months (Comité Francais d'Education pour la santé, 1997). Although our results remain far from nutritional guidelines, they do indicate slight and favourable modifications of fat quality. This contrasts with the absence of significant changes in fruit and vegetable consumption, indicating greater behavioural changes towards avoidance of 'at risk' food than towards increased consumption of food that confer protection. Alternatively the improvement observed in this study may reflect the efforts of the food industry to introduce the notion of 'light' products and of advantageous fat composition of the diet, while other healthy diet behaviours do not benefit from such a support. Our data underline that continued emphasis on reducing consumption of high-fat foods but also increasing that of fish, fruit and vegetables are important steps for promoting health in France.
